Abstract-The effects of exposure to the electromagnetic field from base stations have received considerable attention. Currently, researches have shown that the exposure level from a base station varies with time due to the traffic. The traffic for mobile communications has a temporal and spatial correlation. In this paper, we develop an approach to study the variation law of exposure to the base stations and analyze the correlation of exposure in time and in space. We use a spectrum analyzer to measure the transmission power of the base stations at the different periods of a day. We obtain the analytical expressions for representing the variation of exposure with time using Genetic Algorithm. The self correlation of exposure to a single base station in time series and the cross correlation of exposure to base stations in the same area are both discussed. We find that the self correlation coefficients of exposure to a single base station are bigger than 0.9 in two hours and bigger than 0.5 in eleven hours. Particularly, the spatial correlation of exposure is slightly stronger than the time correlation, up to 0.99.
INTRODUCTION
With the rapid development of mobile communications, a large number of base stations are built around our residences. Potential risks for exposure to the electromagnetic field from these stations have attracted much attention from researchers [1] [2] [3] .
The exposure level of the base station is not constant. It always changes with time because the traffic of base stations is variable in a day. To conduct an accurate assessment of exposure to the base station, recently many efforts are paid to study the variation of exposure with time. The actual exposure to the downlink channels, such as broadcast channel and traffic channels of the base station, was measured during a period of 24 h by a spectrum analyzer [4] . The results confirm that the traffic load has a great impact on the variation of the exposure level. The variation of exposure to the downlink channels of the base stations was measured on a daily, weekly and monthly basis by a SMP system and a selective radiation meter (SRM) 3006 [5] . It was found that the maximum and minimum electric fields are 2.36 and 1.18 V/m, respectively. In [6] , exposure measurements were performed in the cities of Basel (Switzerland), Ghent and Brussels (Belgium), by an exposimeter of the type EME Spy 120 which can quantify exposure to the radio frequency electromagnetic field (RF-EMF) on 12 different frequency bands. The authors found that within one year, the total RF-EMF exposure levels in all outdoor areas in combination increased by 57.1% (p < 0.001) in Basel, by 20.1% in Ghent (p = 0.053) and by 38.2% (p = 0.012) in Brussels. In [7] , intensive measurements were conducted for 7 days at each of 7 different locations in urban area of Belgrade. The measurement results showed that the variation of exposure each day can be divided into two distinctive periods: one with the higher levels (9 h-23 h) and one with the lower ones (23 h-9 h) due to the traffic change.
The variation of exposure is related to the traffic. The traffic not only has a temporal correlation, but also has a spatial correlation [8, 9] . However, the study for the self correlation of exposure to a single base station in time series and the cross correlation of exposure between base stations located in the same area is still absent until now. For example, in a residential area, during the day most of people leave this area to work. The electromagnetic exposure levels from multiple base stations will decrease simultaneously. But during the evening when people come home after work, the trends of the exposure to multiple base stations are all upward, which may lead to a sharp rise of exposure in an area. Due to the same living habits or lifestyle, the variation of exposure between the multiple base stations located in the same area has a strong correlation. This correlation is very important to accurately assess the exposure level of an area.
In order to analyze the correlation, in this work, we choose the base station of the third generation of mobile telephony (3G). These base stations always have only one transmitting channel with wide bandwidth. It is easy to track the real-time variation of exposure to these base stations by the spectrum analyzer in the zero-span mode. We measure the electric field radiated by these stations during 24 hours. The contribution of our work is that we obtain accurate expressions for the variation of exposure using Genetic Algorithm (GA). This algorithm applies the natural selection mechanism of the "survival of fittest" to eliminate the "Runge" phenomenon [15] . By these expressions, we analyze the self correlation of exposure to a single base station in the time series and the cross correlations of exposure between multiple base stations in the same area.
THEORETICAL MODEL

GA Model
In order to obtain the analytical expressions for the time-varying exposure to a base station, the algorithm GA was used in this paper. This algorithm uses the natural selection mechanism of the "survival of fittest" and can improve the accuracy of the expression. The expression for exposure with time can be established as
where a i , b i , and c i are the parameters to be determined by GA, and t is the time. The following procedures are based on GA to determine the parameters a i , b i , and c i . 1). Input the measured electric filed strength at 24 hours of a day. The measured fields are denoted as e 1 , e 2 , . . ., and e 24 , respectively.
2). Encode a i , b i , and c i to get the initial population.
3). Compute E(t) at 24 hours by the values of a i , b i and c i . The calculated results is denoted as E 1 , E 2 , . . ., and E j , j = 1, 2, . . . , 24.
4). Use the following Equations (2) and (3) to compute the fitness.
p j is the individual fitness and p the total fitness. 5). Genetic manipulation. We use three genetic operators: selection, crossover and mutation. 6). Set termination condition. If the condition is satisfied, then the model will output parameters a i , b i , and c i . Otherwise the model will return to the step 4.
We use two metrics to evaluate the fitting goodness. The first one is the coefficient of determination, denoted as R-square. If e 1 , e 2 , . . ., and e n are n measured results and E 1 , E 2 , . . ., and E n are n calculated values, R-square is calculated as follows:
whereē is the mean value of {e 1 , e 2 , . . . , e n }. R-square is in the range [0, 1]. If R-square is larger than 0.9, it indicates that the expression (1) is good enough to represent the measured results.
The second metric is root mean squared error (RMSE), which is defined as:
The value of RMSE is set to be less than 0.02 in this paper for a small error between the expression and the measured exposure results.
Correlation Analysis
X and Y are denoted as two different base stations. E X (t) and E Y (t) represent exposure to X and Y at time t, respectively. The self-correlation coefficient of exposure to the base station is calculated as
where u X and σ X are the mean value and root-mean-square value of E X (t), respectively. R XX (τ ) is
The cross correlation coefficient of exposure between base stations is calculated as
where
MEASUREMENT RESULTS AND ANALYSIS
Measurement Scheme
The third generation of mobile telecommunications technology supports high speed data transmission and provides large capacity voice, high-speed data, image transmission and other services. At present, there are three kinds of mainstream technology standards: TD-SCDMA, WCDMA and CDMA2000 in the world [10] . In order to study the time-varying of electromagnetic radiation, we choose the student dormitory to conduct a week-long measurement, where the base stations for TD-SCDMA, WCDMA and CDMA2000 are all deployed, and the antennas of these stations are fixed on the same tower. We measure exposure to the base stations by a spectrum analyzer in the zero-span mode during 24 hours. The exposure level for each hour is obtained by averaging the testing values of repeated measurements in that period. The settings of the spectrum analyzer are shown in Table 1 based on the methods in previous papers [10] [11] [12] [13] . 
where the antenna factor (AF ) is 22 dB/m, the power loss (A RF ) of the cable which connects the antenna and the spectrum analyzer is 10 dB, and the input impedance Z for this spectrum analyzer is 50 Ω.
Expressions for Exposure to the Base Stations
We measured exposure to base stations of TD-SCDMA, WCDMA and CDMA2000. Using GA, the expressions for the variation of exposure during the day are in the following. and (13), respectively. A Gaussian Mixture Model (GMM) is used to represent the variation of traffic of the base station [14] . The dotted line is calculated using GMM. Fig. 1 shows that the exposure increases at 8:00 and decreases at 23:00 due to the change of the traffic. From 8:00 to 23:00, the exposure is fluctuant in some periods of a day.
The biggest fluctuation is for exposure to TD-SCDMA in Fig. 1(a) because the exposure is related to the total transmitting power of the broadcast channel and service channels. The transmitting power of the service channel varies with the traffic. The transmitting power of the broadcast channel is always constant. But for TD-SCDMA using the code division multiplexing and time division multiplexing, the broadcast channel is transmitted only in a certain time slot. Compared with CDMA2000 and WCDMA, the average power of the broadcast channel is relatively low. Consequently, the fluctuation of exposure to TD-SCDMA is more obvious with the traffic.
From Table 2 , the fitting accuracy of expressions based on GA is higher than that of expressions based on GMM. For example, in Table 2 , R-square is 0.988 using GA, bigger than 0.964 using GMM. When using GMM, the "Runge" phenomenon [15] due to the round-off error appears in Fig. 1(a) , which indicates that the GMM is not suitable for representing exposure to some base stations such as TD-SCDMA base stations where the variation of exposure is very large. The "Runge" phenomenon causes huge errors in fitting data. GA complies with the mechanism of natural selection through copy, crossover and mutation until we get the optimum solution. GA can achieve a better accuracy and avoid the "Runge" phenomenon. 
Self Correlation
The variation of exposure is related to the traffic of the base station. The call arrival rate always exhibits a diurnal trend, with peak hours in the morning and late afternoon. The traffic has a strong temporal correlation. In the time series, the traffic flow of last moment can be regarded as a continuation of current traffic flow. The characteristics of the traffic demand for the same day in the same period are always similar. By substituting Eqs. (11), (12) and (13) into Eq. (6), the self-correlation coefficients of exposure to TD-SCDMA, WCDMA, and CDMA2000 were listed in Table 3 . The correlation coefficients for three kinds of communication system have the same trend. They also show strong time dependence. For example, when τ is less than two hours, the correlation coefficients for three systems were very large, greater than 0.9. It indicates that when the exposure level begins to increase, the probability of the rise of exposure is very high in the coming two hours. When τ is larger than eleven hours, the coefficients were less than 0.5, indicating that the correlation in time series becomes weak after 11 hours. Table 3 . Self-correlation coefficients for TD-SCDMA, WCDMA and CDMA2000.
τ (hour) TD-SCDMA WCDMA CDMA2000 τ (hour) TD-SCDMA WCDMA CDMA2000 
Cross Correlation
The traffic of mobile communication systems also has a strong spatial correlation. Due to the similar regularity of people's life, the electromagnetic radiation of multiple base stations has a certain correlation in the same area. In order to understand the spatial correlation of exposure between different base stations in the same area, we compute cross correlation coefficients. As shown in Table 4 , the correlation coefficients between TD-SCDMA, WCDMA and CDMA2000 were up to 0.998, 0.998 and 0.997, respectively, which shows the change of exposure to the electromagnetic field from the three communication systems is high degree of uniformity. When τ ≤ 11 hours, the correlation of exposure between the three systems is greater than 0.5. It indicates that when the exposure to one communication system increases, the exposure to the other two systems will quite possibly rise too. Particularly, the cross correlation coefficients between TD-SCDMA, WCDMA and CDMA2000 are slightly larger than the self correlation coefficients. For example, when τ = 0, the cross coefficients of exposure to base stations in the same area are up to 0.99. It shows that the spatial correlation of exposure is larger than the time correlation due to the same life-style. It is because the time correlation of exposure is dependent on the traffic. The traffic always fluctuates although it has a certain regularity. In contrast, the spatial correlation of exposure is dependent with the life-style. The life-style is more regular than the traffic, so that the spatial correlation is bigger than time correlation.
CONCLUSION
In this paper, we conduct the self correlation analysis of exposure to a single base station in time series and the cross correlation analysis of exposure to base stations located in the same area. We found that the self correlation is very strong in eleven hours, bigger than 0.9 in two hours. The strong correlation indicates that when the exposure level increases, the probability of the rise of exposure is very large in the coming periods. We also found a strong cross correlation of exposure between the base stations located in the same area during a long period, which indicates that the probability that the exposure levels of the base stations in the same area rise and decrease simultaneously in a long period is very high.
